the cytoskeleton. The localization of PAKa at the posterior of the cell and its association with the cytoskeleton, therefore, spatially restricts PAKa's site of action, leading to a localized myosin II assembly to this site. This localized myosin II assembly is key in maintaining cell polarity and cortical tension and retracting the posterior cell body (Clow and McNally, 1999; Egelhoff et al., 1996; Sanchez-Madrid and del Pozo, 1999; Stites et al., 1998) .
In this study, we demonstrate that PAKa is an important downstream effector of the PI3K and PKB signaling pathway. We find that PAKa is phosphorylated by PKB in vitro, and this PKB phosphorylation site is essential for the in vivo regulation of PAKa kinase activity and its subcellular localization. In vivo, PAKa is not activated and exhibits an abnormal subcellular localization in either pkbA or pi3k1/pi3k2 null cells. We suggest that direct phosphorylation of PAKa by PKB regulates PAKa and, in turn, controls cellular polarity and cell movement during chemotaxis. This model provides a mechanism by which PI3K and PKB regulate cell structure and chemotaxis. Consistent with this model, addition of the PI3K inhibitor LY294002 to chemotaxing cells results in a rapid loss of cell polarity, the actin/myosin cytoskeleton, and the posterior localization of PAKa. Figure 2Aa shows that PKB immunoprecipitated from cAMP-stimulated, wild-type cells contrast to wild-type cells (strain KAx-3), N-PAKa-GFP is almost uniformly distributed along the cortex in both phosphorylates GST-N-PAKa* but not GST. Control immunoprecipitates from stimulated pkbA null cells do not pkbA and pi3k1/2 null cells, except for the positions of pseudopodia formation, where the presence of PAKa at phosphorylate GST-N-PAKa*, suggesting that PKB is the kinase phosphorylating GST-N-PAKa* (Figure 2Ab ). the cortex is disrupted ( Figure 1B indicate that PAKa is an in vitro substrate for PKB and and after stimulation; there is no change in its IP ( Figure  2B ), suggesting that Thr579 is the site of chemoattracit is phosphorylated on Thr579.
To determine if Thr579 is phosphorylated in vivo in tant-mediated phosphorylation. As N-PAKa
T579A
-GFP appears stable and exhibits some normal behaviors within response to cAMP stimulation, we used two-dimensional electrophoresis to examine changes in the isocells (it localizes to the posterior of polarized cells), we think that N-PAKa -GFP is globally We tested whether phosphorylation of Thr579 is required for PAKa activation in vivo. Consistent with our stimulated with cAMP, the anterior rounds up, similar to our observations of wild-type cells (Figure 5Aa ). Howmodel, PAKa T579A shows a slightly lower basal activity and is not activated in response to cAMP stimulation, ever, the posterior of the cell containing N-PAKa T579A -GFP remains highly elongated and does not exhibit any whereas PAKa T579D has a high basal kinase activity (Figure 4A ). This higher basal activity is comparable to the shape change. Thus, N-PAKa T579A produces a highly localized, dominant-negative effect on chemoattractantactivity we previously demonstrated for a "constitutively active" PAKa (PAKa containing only the kinase domain) mediated changes in the cytoskeleton and cell polarity, suggesting that the phosphorylation of Thr579 by PKB in unstimulated cells (Chung and Firtel, 1999) . This is consistent with PKB regulating PAKa activation directly is essential for the disruption and re-establishment of cellular polarity. The absence of cell polarization in pkbA through phosphorylation of Thr579 and being dependent on PI3K activity. We observe that, in response to and pi3k1/2 null cells is consistent with the role of PKB in mediating this response and the requirement of PI3K cAMP stimulation, PAKa T579D shows no further increase in kinase activity (Figure 3Bb) . We suggest that the abfor PKB activation. We also examined the consequences of the Ala and sence of further activation of PAKa T579D is because PAKa T579D is already maximally activated in unstimulated Asp substitutions of Thr579 on the distribution of fulllength, epitope-tagged PAKa in cells before and after cells. We note that the level of PAKa T579D kinase activity is lower than the activity of wild-type PAKa in response global cAMP stimulation. As depicted in Figure 5B , PAKa
-FLAG exhibits a defect in the ability to relocalto cAMP (compare Figures 3Bb and 4A tion of the subcellular localization of PAKs via phosphorylation is widely utilized.
Cell Culture, Kinase Assays, and Cell and Molecular Biology We remade the pi3k1/2 null strain used in this study using KAx-3 
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